INTRODUCTION
In recent past alternate for diesel fuels has become important due to the limited resources of fossil fuel, increasing prices of crude oil and environmental concerns 1 . Mono ethyl or methyl esters of fatty acids, commonly known as biodiesel, are nontoxic, biodegradable and an excellent substitute for conventional diesel fuels. The energy content, cetane number and viscosity of biodiesel are similar to those of fossil fuel based diesel fuel. Moreover, biodiesel has closed CO 2 cycle and hence did not cause emission of green house gases, free from sulfur, causes lesser particulates, unburnt hydrocarbons and carbon monoxide than conventional diesel fuels [1] [2] [3] .
Biodiesel is usually produced by the transesterifi cation reaction of triglycerides vegetable oil of animal fats with short chain alcohols using chemical or bio-catalyst to increase the rate of the reaction [4] [5] [6] . Acid e.g. H 2 SO 4 or base e.g. NaOH, KOH is the commonly used chemical catalysts and lipase is the commonly used biocatalyst for the transesterifi cation reaction 7-10 .
Transesterification using chemical catalysts required lesser time for the completion of the reaction in comparison with biocatalyst. However, there exist few drawbacks with former catalysts viz., produces catalyst contaminated glycerol and biodiesel, the energy-intensive nature of the process and required high quality free fatty acid contents and moisture free feedstock and hence, expensive feedstock. In contrast, lipase allows the production of biodiesel from triglycerides with high fatty acid contents FFAs and moisture content, allows easy recovery of glycerol and doesn t demand high temperature and/or pressure for the completion of the reaction 11-14 . Significant reports are available in the literature to show the transesterifi cation of triglycerides utilizing the fungal, yeast and bacterial lipase as biocatalyst 15, 16 . The main problem that exists with lipase catalyzed transesterifi cation is high cost of pure enzyme. To overcome this problem several methods have been reported in literature including the use of whole cell catalyst 17 and immobilized enzyme on solid surface 18 to enable the recycling of the biocatalyst and hence lowering the production cost. In continuation to the our earlier work for the transesterifi cation of used cotton seed oil using chemical catalyst 19 , present wok discusses the preliminary investigation regarding the application of sodium alginate immobilized Pseudomonas sp., a lipase producing bacteria, for the transesterifi cation of used cotton seed oil. Monomethyl esters of fatty acids produced during the lipase catalyzed transesterifi cation reaction were primarily characterized by TLC using hexane/ethylacetate/acetic acid 90:9:1 by vol as mobile phase and silica gel on glass plate as stationary phase and visualized by iodine vapors. Proton NMR spectra of the transesterified product were recorded on Bruker, Avance-400 MHz FT-NMR spectrophotometer and same was used for the quantifi cation of fatty acid methyl esters following the literature reported 21, 22 procedure. Growth curve of bacteria and activity of lipase enzyme were measured by spectrophotometric procedure using Perkin Elmer lambda-35 UV-Visible spectrophotometer.
A single colony of the microorganism, Pseudomonas sp., maintained on nutrient agar plates 1 w/v beef extract, 0.5 w/v sodium chloride, 1 w/v of peptone, 2 w/v agar, pH 7.4 was transferred to 50 mL sterilized nutrient broth as above, but without agar to produce seed culture. A 2 seed inoculums were used to inoculate 250 mL of nutrient broth in 500 mL shake fl asks at 160 rpm and 37 for 36 h. Growth rate of the bacteria was monitored by recording the optical density O.D. at 600 nm with a time gap of 2 h.
Cell growth for of Pseudomonas sp. was monitored turbidometrically by recording the O.D. at 600 nm. Pseudomonas sp. was being adapted to high oil concentration before using for transesterification reaction by growing the microbe in a medium Czapek Dox of increasing cotton seed oil concentration 23 ranging from 10 to 50 volume-.
Maximum microbial growth was achieved in the presence of 40 v/v added oil in the medium after 18 h of growth as shown in Fig. 1 and hence microbe for immobilization was grown in the same medium.
Lipolytic activity of lipase enzyme produced by Pseudomonas sp. adapted at varying oil concentrations was measured by using p-nitrophenyl laurate as a substrate after every 6 h of growth period. To measure the lipolytic activity of lipase, 0.1 mL of the supernatant, 0.1 mL of 0.01 M p-nitrophenyl laurate and 0.8 mL phosphate buffer pH 7.4 were mixed together and incubated at 37 for 30 min. The reaction was then quenched by adding 0.25 mL of 0.1 M Na 2 CO 3 solution in the reaction mixture and centrifuged to get the clear supernatant solution. To monitor the formation of p-nitrophenol and quantify the lipase activity, absorption of the supernatant was recorded at 405 nm and results are summarized in Fig. 2 .
Maximum cell growth was observed when 40 cotton seed oil was used in growth medium, however, maximum lipase activity was achieved with 30 oil concentration. This could be either due to the partial inhibition of lipase activity or less lipase production at high oil concentration in the growth medium.
For whole cell immobilization, slurry of sodium alginate 2 was prepared in boiling distilled water and autoclaved at 121 for 15 min. Both alginate slurry and cell suspension grown at 30 oil concentration was mixed and stirred for half an hour to get the uniform mixture.
Fig. 1 Effect of increasing cotton seed oil concentration
on the growth of Pseudomonas sp.
Fig. 2
Lipolytic activity of the lipase enzyme measured for Pseudomonas sp., grown at different oil concentrations, after every 6 h of growth lipase activity is defined as μmol of p-nitrophenol produced/min using one mL of supernatant .
Beads of alginate/cell mixture were prepared by dropping the slurry with the help of syringe into a cold and sterile 2 CaCl 2 solution. Beads so prepared were hardened by re-suspending them in fresh CaCl 2 solution for 4 h at 4 and stored in 1 sodium chloride solution at 4 . Transesterifi cation of used cotton seed oil with methanol were performed with stoichiometric molar ratio of oil/ methanol at 37 . Czapek Dox broth 70 mL and cottonseed oil 30 mL were added with seventy beads of sodium alginate immobilized cells and incubated with constant shaking at 160 rpm. When the production of free fatty acids were noted by TLC , 6 times molar excess of methanol was added stepwise over a period of 48 h and progress of the reaction was monitored by TLC technique. Analysis of the products after 48 h shows the formation of monomethyl ester of fatty acid along with the impurities of monoglycerides and FFAs as shown in Fig. 3 . Quantifi cation of the transesterified products was performed by proton NMR spectroscopic technique 21, 22 and maximum conversion of 70 was found after 48 h of reaction period. In present work the oil concentration for the maximum cell growth of Pseudomonas sp. and maximum lipase activity have been optimized as both parameters are important while utilizing the cell culture for transesterifi cation of vegetable oil. Same bacterial culture was found to be active for the transesterification of used cotton seed oil, a low quality and cheaper feedstock, even after immobilization on sodium alginate. Although complete transesterifi cation of used cotton seed oil could not be achieved but Pseudomonas sp. has the potential for the transesterification of vegetable oil and at present efforts are going on in our lab to increase the amount of transesterifi ed products by varying the reaction parameters viz., reaction pH, reaction temperature and support used for immobilization. 
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